To date, rigorous study of the use of high pressure homogenisation in cell rupture over a wide range of operating conditions has been confined to the yeasts. This investigation concentrates on the rupture of the Gram-negative bacterium Alcaligenes eutrophus by an industrial homogeniser. The parameters affecting cell disruption such as operating pressure, temperature and biomass concentration as well as the effect of cell characteristics such as growth rate, size, shape and wall strength were studied. Bacterial cultures which are growing rapidly in the logarithmic phase exhibit less resistance to rupture than nutrient limited cultures in the stationary phase. This is accompanied by a decreased dependence of the degree of cell rupture on operating pressure with increased culture age. The extent of accumulation of the storage product poly-~-hydroxybutyrate during stationary phase has a less significant effect on the resistance to cell rupture than the growth phase of the microorganism. This is particularly interesting owing to the concomitant change in the shape and size of the bacterium on the accumulation of storage product. A variety of chemical and physical treatments of the stationary phase micro-organisms prior to rupture have been considered in an attempt to decrease cell wall strength. Cell rupture efficiency is increased by any of the following pretreatments: incubation at 45°C, alkaline pH shock, addition of the detergent sodium dodecyl sulphate or addition of sodium chloride.
INTRODUCTION
Products of recombinant technology, the overproduction of proteins as inclusion bodies and the potential use of the intracellular storage product poly+hydroxybutyrate (PHB) as a thermoplastic have led to increased interest in efficient and cost effective cell rupture to enable the recovery of intracellular microbial products. The use of the high pressure homogeniser for the disruption of yeasts is well documented in the literature [1, 2] . While disruption of bacterial cells by homogenisation is reported [3, 4, 5] , a thorough investigation has not been documented. This paper sets out to report a rigorous study .of the disruption of Gram-negative bacteria by homogenisation. Alcaligenes eutrophus known for its ability to accumulate high levels of PHB is used as the model organism. It is widely suggested that mechanical cell disruption is influenced by cell wall type and strength, cell size, shape and growth rate. An introductory study of the combined influence of size, shape and growth phase on disruption is therefore presented. This is facilitated by the ability to effect alterations in the size and shape of A.eutrophus by changes in the PHB content. Finally, the idea of broth pretreatment with the intention of weakening the cell wall is considered. This provides the practical opportunity to achieve greatly improved rupture with reduced energy requirements as well as giving an insight into the importance of cell wall strength in rupture.
MATERIALS AND METHODS.
The Micro-or~anism: A selected strain of Alcaligenes eutrophus Hl6 was obtained from ICI Biological Products Business, Billingham, U.K. The organism was grown on minimal medium using glucose as the carbohydrate source at pH 6.8 and 30°C. PHB accumulation occurred under phosphate limitation and a fed-batch configuration. Unless otherwise stated, stationary phase cultures containing approximately 70% PHB (by mass on a dry basis) were employed in the disruption studies.
Disruption Eqyipment: The APV -Gaulin laboratory homogeniser 15M 8BA used in this study employs a high pressure positive displacement pump to pass the cell suspension through an adjustable, restricted orifice discharge valve. This model may be operated continuously at 0 to 55 MPa or intermittently to 69 MPa. A flowrate of 1.5 x 10-5 m 3 s-1 is maintained. The ceramic cell disruption (CD) valve with lengthened knife edge has been used predominantly in this study. Use of the Stellite cell rupture (CR) valve showed similar cell rupture efficiency.
Analysis of Cell Disruption: Release of soluble protein is the most commonly reported method for monitoring cell rupture. Soluble protein release was determined by means of the Lowry assay [6] modified for use in combination with a Technicon autoanalyser. Extreme rupture conditions may lead to variations in protein solubility. However, subjection of protein-containing supernatants to homogenisation and subsequent protein determination has shown that while power inputs were maintained below 1 kW and the suspension temperature does not exceed 35°C, a maximum error of 3% results. While the initiation of protein release requires only the permeabilisation of the cell, DNA release necessitates more extensive disruption. DNA release has been monitored by the diphenylamine assay of Burton [7] . Cell disruption was directly observed by phase contrast microscopy at 1000 x magnification. Quantitative data was obtained microscopically by the use of a Thoma fixed volume counting chamber (Weber, England).
PHB content of the cells was determined as hydroxybutyric acid by HPLC following hydrolysis with perchloric acid. A column of cross-linked sulfonated polystyrene-divinylbenzene copolymer resin in the protonated form is used in conjunction with a dilute sulphuric acid mobile phase. Eluted species are detected by UV absorbance at 210 nm. A size and shape distribution of the cells was obtained by analysis of scanning electron micrographs by means of an Optomax Image Analyser. Viscosity measurements of the disrupted broth were conducted by means of the Haake VT181 concentric cylinder viscometer. Shear rates in the range 13.25 to 424 s-1 were used. Measurements were taken at 25°C.
RESULTS AND DISCUSSION
Effect of Energy Input and Broth Parameters on Cell Rupture.
The energy input required for cell rupture by homogenisation is affected by operating pressure, number of passes through the system and input broth temperature. Variation of cell rupture on a single pass is shown as a function of operating pressure in Figure 1 . A threshold value of the pressure difference across the valve must be exceeded for cell rupture to occur. This varies with the assay procedure used as each technique detects a different degree of disruption of the cell. Cell permeabilisation resulting in the onset of
